Introduction
Sulodexide is a highly purified glycosaminoglycan (GAG) composed of a fast mobility heparin fraction (80%) as well as dermatan sulphate (20%) obtained from the porcine intestinal mucosa by a patented process [1] . Sulodexide differs from other GAGs, like heparin, by having a longer half-life and a reduced effect on systemic clotting and bleeding [1, 2] .
An increasing body of research has demonstrated the safety and efficacy of sulodexide in a wide range of disease settings of vascular injury. Sulodexide reduced infarct size and inflammation during reperfusion in animals with myocardial ischaemia [3] . This effect could be related to the sulodexide property of modulating complement activation following tissue injury [2] . Clinical trials have demonstrated the beneficial effects of sulodexide in the treatment of deep vein thrombosis [4] and in the treatment of venous leg ulcers [5] . GAGs exert their antithrombotic action by accelerating the inhibition of activated serine proteases such as thrombin in the coagulation cascade by interacting with serine proteases inhibitors like antithrombin III and cofactor II [6] [7] [8] [9] . Sulodexide can also promote fibrinolysis by increasing tissue plasminogen activator (tPA) activity and decreasing plasminogen activator inhibitor-1 (PAI-1) [10, 11] . Sulodexide can also exert antilipemic effects promoting the release of lipoprotein lipase [12] .
In chronic kidney disease (CKD), sulodexide has been studied in diabetic nephropathy, both in animal models and in human subjects. GAGs reduced extracellular matrix deposition and transforming growth factor-β (TGF-β) overexpression in a rat model of streptozocin-induced diabetic nephropathy, a model most resembling type 1 diabetes, and inhibited TGF-β overexpression and matrix synthesis induced by high concentration of glucose in mesangial cells [13, 14] . Furthermore, GAGs restored anionic charges lost from the endothelial surface [15] and reduced endothelial injury in experimental models [16] . In humans, sulodexide reduced albuminuria in subjects with type I or type II diabetes [17, 18] . However, recent preliminary presentations of results from an ongoing clinical trial in diabetic kidney disease [19] , the SUN-Micro-Trial, have not shown efficacy of sulodexide on microalbuminuria, and the planned phase 4 trial, so-called SUN-Macro-Trial, has been canceled [20] .
Beneficial effects of sulodexide in other models of progressive kidney disease have been variable. Studies in a mild mouse adriamycin model showed decrease in early proteinuria and 0.3 vs 7.8% sclerosis with sulodexide [21] , whereas there was very limited effect on renal function or histology in the rat 5/6 nephrectomy remnant model (H. Lan, personal communication). The aim of the present study was to investigate whether sulodexide treatment is effective in modifying kidney disease in a mild nonhypertensive rat model of CKD resulting from endothelial injury, namely radiation nephropathy [22] , or in a model of type 2 diabetes mellitus, the db/db mouse [23] , lacking the hypothalamic leptin receptor. We also investigated possible underlying mechanisms to determine possible renoprotective effects in these two models of CKD.
Materials and methods

Experimental design
Radiation nephropathy rats. Thirty-two 250-300 g male SpragueDawley rats (Charles River, TN, USA) were studied. Rats were housed under normal conditions with a 12-h light/dark cycle, 70°F, with 40% humidity and 12 air exchanges/h. Rats received normal rat chow and water ad libitum ('5001' diet, Purina Laboratory Rodent diet, 23.4% protein, 4.5% fat, 6.0% fibre and 0.40% sodium). A dose of 12 Gy radiation was delivered to anaesthetized rats (i.p. nembutal) with a 60 γ cobalt irradiator to a band across the abdomen that included both kidneys, as we have previously reported, to induce radiation nephropathy [22] . Rats were then treated as follows: 15 mg/kg/day s.c., 6 day/week of sulodexide (SUL, dissolved in saline, n = 16) (gift from Keryx Biopharmaceuticals, Inc.) or no treatment (CONT, n = 16). Dosing of sulodexide was based on previous reports and recommendation from the manufacturer [21, 24] . Sulodexide is a proprietary formulation of 80% fast-moving heparin sulfate and 20% dermatan sulphate.
Blood pressure, serum creatinine, creatinine clearance and urinary protein excretion were measured at baseline and at 4, 8, weeks and 12 weeks following radiation. Animals were sacrificed at 8 weeks (n = 6 CONT and n = 6 SUL) and at 12 weeks (n = 10 CONT and n = 10 SUL) after radiation. Diabetic mice. Twenty-two 12-week-old db/db male mice on C57BLKS background were studied [23] . These mice exhibit hyperglycaemia, hyperinsulinaemia and hyperleptinaemia associated with hyperphagia and obesity manifesting around 4-7 weeks after birth. We therefore started intervention after this time point (12 weeks of age) as 100% of db/db mice become frankly hyperglycaemic after 8 weeks and albuminuric at 8-12 weeks. After baseline studies of glycaemia and urinary albumin/ creatinine ratio (ACR), mice were assigned to vehicle (n = 10) or sulodexide dosed as above (n = 12). Mice were housed under standard light/ dark conditions with ad lib water and matched food weights ±5% daily. Body weight, plasma creatinine and urinary ACR were assessed at 6 weeks and at sacrifice at 9 weeks. Urinary TGF-β was assessed at sacrifice, and tissue was obtained for analysis of mesangial matrix expansion, as previously described [25, 26] .
Blood pressure and renal function measurements
Unanaesthetized rats were prewarmed for 15 min before they were placed in the blood pressure chamber. Systolic blood pressure (SBP) was measured using tail-cuff plethysmography (IITC; Life Science Inc. Woodland Hills, CA, USA) at an ambient temperature of 29°C. The tail was passed through a miniaturized cuff connected to an amplifier. The amplified pulse was recorded during automatic inflation and deflation of the cuff. Tail-cuff SBP was defined as the inflation pressure at which the waveform became indistinguishable from baseline noise. Final SBP readings were obtained averaging three successful readings.
Animals were placed in metabolic cages for 24 h for urine collection. Urinary protein concentration in rats was measured by the benzethonium chloride reaction. Serum creatinine in rats was measured by the kinetic Jaffe picric acid-based test. Both of these analytical tests were performed using a Roche/Hitachi Modular P instrument (Roche Diagnostics, Indianapolis, IN, USA). In mice, 24-h urine collections in metabolic cages were obtained for ACR, with creatinine determined by HPLC as previously described [27] . Urinary TGF-β was measured by Quantikine ELISA (R and D) as previously described and standardized per urine creatinine [28] .
Sclerosis and mesangial expansion
Tissue was immersion-fixed in 4% paraformaldehyde phosphate-buffered saline (PBS) solution and routinely processed, and 4 μ paraffin sections were prepared and stained with periodic acid-Schiff. Sclerosis was defined as collapse and/or obliteration of the glomerular capillary tuft and increase of matrix. Glomerular sclerosis in rats was assessed by scoring severity of sclerosis on all glomeruli on a single section of kidney. The severity of sclerosis for each glomerulus was graded from 0 to 4+ as follows: 0 for no sclerosis, 1 for <25% of the glomerular tuft involved with sclerosis, 2 for 25 to 50%, 3 for 50 to <75% and 4 for 75 to 100% sclerosis [22] . A whole kidney average sclerosis index (SI) for radiation nephropathy rats was obtained by averaging scores from all glomeruli on one section. In db/db mice, 4% buffered formalin immersion-fixed kidneys were sectioned, stained by periodic acid-Schiff and digital images evaluated for mesangial expansion, as previously described. Briefly, the degree of mesangial matrix was semiquantitatively scored in 50 glomeruli from each mouse. The increase in mesangial matrix was defined by PAS-positive and nuclei-free area in the mesangium. The glomerular area was calculated along the borders of capillary loop [29] . The severity of matrix formation was scored from 0 to 4 where 0 = (normal glomerulus), 1 = (local, small lesions up to 25% of glomerular volume), 2 = (diffuse expansion 25-49%), 3 = (50-75%) and 4 = (>75%). An average score was calculated for each mouse. All sections were examined without knowledge of treatment.
Immunohistochemistry (IHC)
Sections were treated by 3% hydrogen peroxidase for 10 min, Powerblock (BioGenex Laboratories, San Ramon, CA, USA) for 45 min and then incubated with rabbit anti-rat PAI-1 antibody 1:50 overnight (American Diagnostica Inc., Greenwich, CT, USA) [22] . After rinsing twice with PBS, supersensitive rabbit link for mouse/rat tissue biotinylated goat anti-rabbit Ig (BioGenex) was added, incubated for 45 min, followed by rinsing two times and incubation with supersensitive label peroxidase conjugated streptavidin (BioGenex) for 45 min. After rinsing three times with PBS, diaminobenzidine (DAB) was added as a chromagen. Slides were counterstained with haematoxylin. Negative control without primary antibody showed no staining. PAI-1 protein was assessed by scoring staining intensity on all glomeruli, or up to 50 consecutive glomeruli, on a single section of the kidney. Staining intensity for each glomerulus was graded from 0 to 4: 0 no staining, 1+ trace staining, 2+ staining in <10% of the glomerular tuft, 3+ staining in 10 to 25% of the glomerulus and 4+ for >25% of the glomerulus staining. In each kidney, the average immunostaining score was then calculated and compared with average SI for those same glomeruli. In addition, average PAI-1 immunostaining for each grade of sclerosis was calculated for all glomeruli from all rats.
To further assess matrix alterations in db/db mice, fibronectin and collagen IV immunostaining was performed. Four micron sections were microwaved in 0.01 mol/L sodium citrate (pH 6.0) 4 × 5 min and stained with Ready-to-Use rabbit anti-fibronectin (Innovex Biosciences, Richmond, CA) for 1 h at RT, followed by immunoperoxidase staining with Rabbit on Rodent HRP Polymer (Biocare Medical, Concord, CA) for 30 min at RT. For collagen IV, sections were microwaved as above 3 × 5 min, stained with rabbit anti-mouse collagen IV (1:1000, Chemicon, Billerica, MA) and incubated overnight at 4°C, followed by immunoperoxidase staining with Vectastain ABC kit (Vector Laboratories, Burlingame, CA). DAB was used as a chromogen for both stains. The results of collagen IV were quantified by ImageJ software, assessing area of positive staining in 20 consecutive glomeruli from each mouse, deriving a collagen IV staining percent for each mouse and then averaging these to derive an average score for each group.
All sections were examined without knowledge of the treatment protocol.
Northern blot
The cDNA probe fragments for mouse PAI-1 mRNA were prepared by reverse transcription-polymerase chain reaction and cloned using the TA cloning kit (Invitrogen, Carlsbad, CA, USA) and harvested and purified from Escherichia coli as previously described [22] . The cDNA product was conf irmed by sequence analysis. A commercial human glyceraldehyde 3-phosphate dehydrogenase (GAPDH) cDNA probe was used as a housekeeping gene control (Promega, Madison, WI, USA). cDNA probes were labeled with [
32 P] deoxycytidimine triphosphate (dCTP; New England Nuclear, Boston, MA, USA) by random primer method. The collagen I cDNA probe was derived from human collagen I (ATCC, Manassas, VA, USA) as previously described [30] .
Total RNA was extracted from the left kidney by the RNAzol™B method (Cinna Biotecx, Houston, TX, USA). RNA was resuspended in diethyl pyrocarbonate-treated water, and concentration was determined by absorbance at 260 nm. RNA (15 μg) was size fractionated on 1.0% formaldehyde agarose gels. Equal loading of RNA was confirmed by examination of ribosomal RNA using ethidium bromide staining. RNA was transferred to nylon membrane (Hybond N; Amersham, Picataway, NJ, USA) and cross-linked by ultraviolet irradiation. The membranes were incubated in prehybridization buffer for 2 h and hybridized with cDNA probes labeled with [ 32 P] dCTP (New England Nuclear) for 18 to 24 h at 65°C in hybridization buffer [4× single strand conformational polymorphism, 1× Denhardt's, 1× sodium dodecyl sulphate (SDS), 100 μg/mL denatured salmon sperm DNA and 10% dextran sulphate]. Membranes were washed twice in 2× standard saline citrate (SSC), 0.1% SDS for 10 min at room temperature, once in 0.1% SDS for 20 min at 65°C and once in 0.1 SSC, 0.1% SDS for 20 min at 65°C. Membranes were air dried and exposed to XAR film (Kodak Co., Rochester, NY, USA) in intensifying screens at −70°C for 3 to 5 days. Autoradiographs were scanned by image scanner JX-330 (Sharp, Osaka, Japan), and intensity of signals was measured by NIH Image (National Institutes of Health, Bethesda, MD, USA). The ratio of specific message to the housekeeping gene GAPDH was used to quantitate expression.
In situ hybridization 35 S-labeled sense and antisense riboprobes for PAI-1 were prepared by transcription of the pCR™II plasmid with insertion of the cDNA fragment by SP6 or T7 RNA polymerase (Promega) [30] . Sections were dewaxed in xylene and hydrated in graded ethanols and then 4% paraformaldehyde. After treatment by proteinase K and triethanolamine/ acetic anhydride, sections were dehydrated in ethanol and air dried. Hybridization was done in buffer [50% formamide, 10% dextran sulfate, 8 mmol/L dithiothreitol, 0.2 mg/mL tRNA, 300 mmol/L NaCl, 10 mmol/L Tris-HCl, 5 mmol/L ethylenediaminetetraacetic acid (EDTA), 0.02% polyvinylpyrolidone, 0.02% Ficoll and 0.02% bovine serum albumin] overnight at 50°C. Sections were washed in 5× SSC, 20 mmol/ L β-mercaptoethanol at 50°C for 15 min, in 2× SSC, 200 mmol/L β-mercaptoethanol, 50% formamide at 68°C for 20 min, in TEN twice at 37°C for 10 min, treated with RNase at 37°C for 30 min, washed in TEN at 37°C for 10 min, in 2× SSC and 0.1× SSC each twice at 68°C for 15 min. Sections were then dehydrated in ethanol and air dried, dipped in photographic emulsion and exposed at 4°C for 14 days.
The sections were developed with D-19 developer (Kodak) and counterstained with toluidine blue.
Western blotting
Tissue samples of renal cortex were lysed and prepared by RIPA plus buffer (150 mM NaCl, 50 mM Tris-HCl, 5 mM EDTA, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 100 μg/mL PMSF) with phosphate inhibitor cocktail (Sigma, St. Louis, MO, USA) and proteinase inhibitor cocktail (Roche Diagnostics). Protein concentration was measured by BCA™ protein assay kit (Pierce Biotech Inc., Rockford, IL, USA). Eighty micrograms of protein samples was electrophoresed on SDS-10% polyacrylamide gel and transferred to nitrocellulose membranes. Immunoblotting was performed with rabbit anti-phospho-Smad 2 antibody (Upstate Biotechnology Inc., Lake Placid, NY, USA). Blots were washed and incubated with HRP-conjugated anti-rabbit or antimouse secondary antibody (Amersham Biosciences, Piscataway, NJ, USA). Immunoreactive proteins were visualized using ECL western blotting detection reagents (Amersham Biosciences). Membranes were reprobed with mouse anti-β-actin (Sigma) and mouse anti-total Smad 2 (Cell Signaling Technology, Beverly, MA, USA) as loading control and for relative phospho-Smad 2, respectively. The expression of the target molecules was evaluated by using SCION Image Beta 4.03 (Scion Corporation, Frederick, MD, USA) as densitometric ratios relative to loading controls.
Statistical analysis
Results are expressed as mean ± standard deviation (SD). Statistical difference was assessed by t-test or Mann-Whitney U for nonparametric data as appropriate. A P-value <0.05 was considered to be significant.
Results
Renal function and blood pressure
Renal function, body weight, SBP and proteinuria were not different between the two radiation nephropathy rat groups at baseline (Table 1) . No hematoma or other adverse reactions at the injection site were observed. After 4 and 8 weeks, serum creatinine, body weight and SBP were not significantly different between the two radiation nephropathy rat groups, although serum creatinine trended lower in sulodexide-treated rats (CONT vs SUL, P = 0.06). Proteinuria increased over time vs baseline. However, proteinuria was significantly reduced in sulodexidetreated animals compared to controls at these early stages (P = 0.005). At 12 weeks, there was no significant differ- Mean ± SD; CONT, control; SUL, sulodexide; Scr, serum creatinine; Upr, proteinuria; BW, body weight; SBP, systolic blood pressure; ACR, urinary albumin/creatinine ratio; n/d, not done. ence between the two radiation nephropathy groups in serum creatinine, body weight, SBP and proteinuria. Db/db mice randomized to control or sulodexide had no difference in body weight, glycaemia or urinary ACR at baseline. Both control and sulodexide mice gained weight similarly over the treatment period. There was no difference in ACR over time, and serum creatinine was not different at sacrifice at 9 weeks.
Sclerosis, mesangial expansion and PAI-1 expression
Glomerulosclerosis in sulodexide-treated rats trended to be less compared to controls (SI: 0.10 ± 0.06 vs 0.19 ± 0.10; SUL vs CONT, P = 0.07) (Figure 1 ). Mesangial expansion in CONT db/db mice was generally mild at sacrifice at 9 weeks, with an average of 87 ± 22% glomeruli with grade 2 mesangial expansion (range 78-94), vs 12 ± 6% with grade 3 lesions (range , similar to SUL db/db (grade 2, 84 ± 16%, range 48-96, grade 3, 16 ± 16%, range 4-52%, P = NS). Arteriolar hyaline was present in 12% of CONT and 16% of SUL. PAI-1 protein expression in radiation nephropathy by immunohistochemistry was localized to the sclerotic areas of glomeruli and also trended lower in treated animals compared to controls (0.14 ± 0.06 vs 0.28 ± 0.18; SUL vs CONT, P = 0.07) (Figure 2 ). PAI-1/GAPDH mRNA ratio was also reduced only numerically in sulodexide-treated animals compared to controls (0.20 ± 0.10 vs 0.15 ± 0.04; CONT vs SUL, P = 0.26) (Figure 3) .
At 12 weeks glomerulosclerosis, PAI-1 protein and mRNA Northern expressions were not different between groups (SI: 0.08 ± 0.02 vs 0.12 ± 0.03; PAI-1 IHC: 0.03 ± 0.01 vs 0.05 ± 0.01; PAI-1/GAPDH: 0.26 ± 0.03 vs 0.22 ± 0.02, all SUL vs CONT, P = NS) (Figures 4 and 5) . Qualitative assessment of PAI-1 by in situ hybridization (ISH) revealed occasional expression in podocytes, mesangium and parietal epithelial cells without sulodexide significantly changing its expression pattern ( Figure 5A ). 
TGF-β activation and collagen content
TGF-β signaling was inhibited after 12 weeks of sulodexide treatment in radiation nephropathy as demonstrated by reduced phospho-Smad2 expression in sulodexide-treated animals compared to controls (phospho-Smad2/total Smad2 0.19 ± 0.01 vs 0.36 ± 0.05, SUL vs CONT, P < 0.01) (Figure 6 ). In contrast, urinary TGF-β was not altered in db/db mice by sulodexide (urine 24 h TGF-β 8.9 ± 12.6 pg CONT vs 19.3 ± 27.2 in SUL, n = 5 each group; urine TGF-β normalized for creatinine 0.26 ± 0.34 vs 0.48 ± 0.76, n = 5 each group, P = NS).
The expression of collagen I mRNA and total collagen content were not different between the two radiation nephropathy groups at 12 weeks (collagen I/GAPDH 0.43 ± 0.03 vs 0.39 ± 0.03, SUL vs CONT, P = NS; collagen content 13.86 ± 2.43 vs 12.33 ± 1.40, SUL vs CONT, P = NS) ( Figure 7) . To further assess possible effects of sulodexide on glomerular matrix expansion, we assessed glomerular fibronectin and collagen IV in db/db mice by immunohistochemistry. There was only minimal glomerular staining for fibronectin in diabetic mice with or without sulodexide (below levels reliably assessed by imaging software). There was modestly increased glomerular staining for collagen IV in db/db mice with further minimal increase in db/db mice treated with sulodexide (23.9 ± 0.8% in db/ db vs 26.8 ± 0.7 in db/db + sulodexide).
Discussion
Sulodexide is an old drug with a renewed interest due to several observations of its beneficial effects both in experimental models of type 1 diabetic nephropathy [13] and in pilot studies on albuminuria in human subjects with type I and II diabetes [17, 18] . Two multicentre, double-masked, randomized placebo controlled trials were therefore recently designed to study the renoprotective potential of sulodexide given for 6 months to patients with type 2 diabetes, hypertension and microalbuminuria or to type 2 diabetic patients with hypertension and overt proteinuria [19] . Primary end points are conversion to normoalbuminuria and at least a 25% decrease in the urinary ACR or at least a 50% reduction in this ratio for the microalbuminuric patients and time to a composite end point of doubling of serum creatinine or ESRD in those with existing overt proteinuria. The first data presented disappointingly did not show effects on microalbuminuria, and the planned phase 4 trial has thus been canceled [20] .
Based on this renewed interest in sulodexide, we aimed to study its effects on mild renal injury in a nondiabetic nonhypertensive model and in a model of renal injury due to type 2 diabetes. We chose the radiation nephropathy model because of the theoretic effects of sulodexide on PAI-1 and TGF-β, both upregulated early in this model [22] , and the db/db mouse model, as it displays many metabolic features of type 2 diabetes, with associated albuminuria and mesangial expansion. It appears that impaired vascular injury, rather than direct radiation injury to parenchymal cells, underlies the parenchymal cell loss, a characteristic of late radiation injury [22, 31] . Thus, endothelial cell injury and thrombosis in capillaries precede interstitial fibrosis and glomerulosclerosis in radiation nephropathy. Endothelial injury and PAI-1 are highly relevant to diabetic injury and are also hypothetically mechanisms particularly anticipated to be targeted by sulodexide.
We found that sulodexide treatment could reduce the early manifestations of radiation nephropathy as shown by a significant reduction of proteinuria at 4 and 8 weeks and by a trend in reduction of serum creatinine at 8 weeks after radiation in treated animals compared to controls. There was a corresponding trend, albeit not statistically significant, for less glomerulosclerosis in animals receiving sulodexide compared to controls at 8 weeks. Neither albuminuria nor structural lesions in db/db mice were affected by sulodexide.
However, contrasting these beneficial effects at early stages of injury, sulodexide did not prevent the manifestations associated with the late radiation injury. Indeed, our data show that at 12 weeks after radiation, there were no differences between the two groups in terms of renal function, protein excretion and severity of histologic lesions. The lack of sustained effects of sulodexide on proteinuria in this model and the lack of efficacy in a mouse model of type 2 diabetic injury parallel the recent preliminary data from the current clinical trials. Clearly, varying mechanisms of injury are active in these two models. Furthermore, even in a given model, it is highly likely that injury mechanisms are not static over time but rather are dynamically altered at different stages of evolution towards the chronically scarred kidney. For example, whereas sclerosis and loss of capillaries are hallmarks of late diabetic glomerulosclerosis, in the early stage, there is dominant angiogenesis and capillary growth [32, 33] . Thus, the lack of effects of sulodexide on albuminuria, matrix and TGF-b in the db/db mouse, which only develops mild mesangial expansion as a consequence of diabetes, may not mirror effects on later stages of injury that develop in other models or in humans. A further caveat is the lack of defined relationship between proteinuria and glomerular structural lesions. Although microalbuminuria in diabetic patients is a hallmark of endothelial dysfunction, proteinuria may occur without sclerosing injury due to altered permselectivity and/or be related to hemodynamic changes [34] . As is evident from the early trials of sulodexide in diabetic patients, where microalbuminuria was decreased, and our cur rent animal data, change in microalbuminuria does not unequivocally translate to sustained benefit on renal function or structure [17] [18] [19] . Sulodexide has antithrombotic and fibrinolytic properties and increases tPA activity and reduces PAI-1 levels in some settings [10, 11] . In our study, we found that PAI-1 expression was increased after radiation injury in podocytes, mesangium and parietal epithelial cells at sites of injury, strictly associated with sclerotic areas. Although our data show that sulodexide may decrease PAI-1 expression in the early phases of injury, PAI-1 expression either at protein or mRNA levels in the late phases of injury of radiation nephropathy was not affected by sulodexide, although TGF-β signaling was decreased. Our previous studies in radiation nephropathy showed that angiotensin-converting enzyme inhibitor could prevent injury, and this was linked to decreased PAI-1, with no effect on TGF-β at the mRNA level [22] . Furthermore, we have shown that although mice deficient in β6 integrin and thus lacking αvβ6 integrin, a key activator of TGF-β, were protected from fibrosis induced by ureteral obstruction, added angiotensin or aldosterone induced PAI-1 and restored fibrosis in these mice without activating TGF-β [30] . These data point to complex interactions of the renin angiotensin aldosterone system, PAI-1 and TGF-β in effecting renal fibrosis.
GAGs reduced extracellular matrix (ECM) deposition and TGF-β overexpression in a rat model of streptozocin-induced diabetic nephropathy and inhibited TGF-β overexpression and matrix synthesis induced by high concentration of glucose in mesangial cells [13, 14] . Our data showed that sulodexide significantly reduced TGF-β activation in radiation nephropathy animals compared to controls without a reduction in PAI-1 expression but did not affect urinary TGF-β or matrix accumulation in db/db mice. Furthermore, this decrease in TGF-β activation in radiation nephropathy did not change ECM accu- mulation. These data indicate, as also suggested by our previous studies in this model, that TGF-β is not a major mediator of sclerosis in radiation nephropathy [22] . In summary, our data suggest that sulodexide is effective in reducing the early, but not late, manifestations of radiation nephropathy in rats and has no effect on renal injury or function in db/db mice at the time point assessed. Although sulodexide significantly reduced TGF-β activation in radiation nephropathy, this effect might be insufficient in this model to inhibit the expression of both PAI-1 and collagen. Whether higher doses of the drug, or combination with other interventions, could achieve sustained results remains to be determined. These data also indicate that interpretation and extrapolation of results from animal models to humans should consider that mechanisms of fibrosis and efficacy of interventions vary significantly with differing models of CKD.
